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Abstract of W09627637 

A low volatility flame retardant for a styrene resin 
comprising an aromatic phosphate represented 
by formula (I) wherein <u>a</u>, <u>b</u>, and 
<u>c</u> each independently represent an 
integer of from 1 to 3; and R1, R2, and R3 each 
independently represent a hydrogen atom or a 
halogen-free alkyl group having from 1 to 30 
carbon atoms, which is not an isopropyl group, 
the total number of carbon atoms in the 
substituents represented by R1, R2 and R3 being 
from 12 to 25 on an average in one molecule of 
said aromatic phosphate, provided that when 
said flame retardant comprises a plurality of 
aromatic phosphates having different 
substituents, the total number of carbon atoms in 
the substituents R1, R2 and R3 of said flame 
retardant is represented by a number average in 
the whole of said flame retardant, which is the 
sum of the products of the weight fraction of 
respective aromatic phosphate and the total 
number of carbon atoms in the substituents in 
respective aromatic phosphate. 
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4 M m*#-J-*/M&Kfc*fc?# 1 . 0tf*k8. 0 a« m£^"*" 4 

h9 0%-C&&o /|N#36J[f4, ffilI^»-C5 0 %Jsll±0«'fr-ClHlia«ji*"d'tro * 

. 9 m*ttS/|>§t^^ tti¥^?g 1 . 0^f>3 0^m*tt4^g 
^##0. 9/<m£MxL& f§£>*i7t:Jifc^S?)*WB fcWI&MfcTi-* 
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frie^^-W> <t 1 , y ^*S^#{4, jff i L< J4 1 5 

frh 3 5S«96<0 7'^yi^-S'«*^ri-&o -€-*LJ4«i&j& s S B S B tfzltS B S 

=f A £14* V y^#Hg t ASS =f A 1- >3MSf Ig SrSO * K 

-k>tJU77^ k^mse, h&mm, t-tziw) is- 

L < J4 0 9 011%, 4 Ijffj L < »4 0 7 0ii%, *"fc«5F i L < fi 3 



(21) 



1 1-501348 




c n) 



frbftzztfrhMizti, ztc *tih&m-xi>m%<?x^xt> «t^o 

;K >j 7 i - 1/ y x - f i L ftfj ^^lf^» i , jK'J (2, 

4 - 7x-V>x-fJV) , 2, 6-->Vf;i'7ixji/7xy-;vt2 

O^-Cbilf fc#Fi Li/^r>{i. *K V (2, 4-7xxV>x- 

<DX*l*%^ 0 Mttf, *§#I^3, 3 0 6, 8 7 4 -^H-!2!fc£ tlX^ & £ i K 

*£(7)fll&Cfc N *g#ff^3 , 306, 875 -t, 3, 257, 3 5 7f, 3, 2 
5 7, 3 5 8f. #£BS 5 2-17880 ^> £ «fc ^#§1835 0 - 5 1 1 9 7f 

IS« $ k <£ 19 v 7 x. - > ^ - t ;v £ KWkm.-? %> c: <h 

^l&BjKffl^ft&mfS*'',) w^-x^^Mtc*^;? sp/c ('0. 

5g/d l^nn*;i/A-M4-t'3 0ri:tISE) Ji, »l4t»f4, t < K 

mrmm-B^m^hU $ l< ho. zo^ho. 70di/g,«t«9*fiu< 
iio. 3 o^e>o. 6 od l/g-e 
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&2>o yx.~uy^-T)u<7>M7cffi&T} s p/C Km-tz>-mtZ^ft*ffitz-f 
^ f i/ i c i^iii t ^ c t * ? -e ^ s ^iritf i t l t i u *- 

ft* -hits 7*;- Mt^^K-mM t m*kT )U ij <J CD^^T * 

h<7>$? * Lvv|6*-¥i&4H E '*li, 10, oooi^lOO, OOOtiJ 

o 

KTffi— IB 7 i y - Mfc^tt i LTfi, «xlf 2 , 2' -If* (4-fc-Kn*5/ 
7^^-^) yn;^, 2, 2' - fcf X ( 4 - K Kn#->- 3 , 5-^^f-^7x 
T'n/N 0 ^, tTT, (4-HKo^v7x-^) **>s 1, 1' - fcfX (4 
-tKtJ J f->7ii^) 2, 2' -tf* (4-tFO^>'7x-JV) "T 

2, 2' -kf* (4-t Fn^fy-3, 5->'7i^) 2, 2 

' - tf ^ (4 - Ko^->- 3 , 5-y'7'nt:^7i^;i/) 7*n^>, 1, 1' 
-if* (4-KKn#i'7xijl/) v^n^^y, l-7x- 1' - 
tT* (4-kFo^fv'7x^) oi^ >^5^^Hff,tL* 0 i*lf3^)-ffi7x7- 
Mk^co + 'C^ 2 , 2' -ex (4-fcFn^fy7x^) 7*n/t> (If* 7 

< 12 l^t> 4 OHSB. £*)1ft$L<itlfrhl OllSB, ftfcftFS L< it 3fr 



C23) 1 1 -5 0 1 348 

_kT&£ t^tiSo MIB*"'; ->tr*^><£>i&>tejg (2513) fiftf * L 

< »i 3 0 ^ 2 0 , 000CS, «J:»)0iL<»i4O^f>l f OOOCS, ft 
ffi L< 1*5 0*t> 1 0 0 C S-C**o miS^ 1 ; ^^^Vi/n^^X7)gj)te^>6 s 
3 0CS*1T1±, ^^^^VyonyiiS^K, 

$?4L<tiO. 0 1 a>P> 1 0«fR, «t 4 L< (± 0 . 1 5 «<> 
«FtL<liO. 3 3if^t*^o 

EJ&£-^*{i> *f-i^3M£fIi<7> l 0 OM*SBtJtLT % i L < fi l 4 
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-JVA^*-y'7*X7x-hf & 01 t tft § £ o 

f h5 7i-JHi7>7x/-Jl'A, *' i J7*77x - J- <9 J: 9 £^#^'7 >® 

BHfc-=?^*>">A, Knv>f K Kn^ji/^^r K k ii )\» *y*j A , AM 
^Jg-fk^<757MP^> ;**ts-5M*fr, **ta a, ft 

tig kt, h 'J 7y^#MtM», ^ #9? *«flB, ^M^frfk^tu v 'J 
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001H4 Ofi*§B> «fc £ L < »i 1 2 Olil *4)«Fi L < fi 5 
h 1 OilTO^o 

H 

N N N N 

r v 

- NH 2 NH„ 



H 2 N-C C C-NH 2 

N N N 



I P 

N 

"""XT"" 



^75 y=s7% V- Y 
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H 2 N ~9" 9" NH 9 o-c'" ^C-OH 
N N N N 

r 

NH 9 OH 



H « N - C C-NH„ + • H„ PO, 

2 | i 6 £ i 



NH 2 



H 2 N-C C-CH 2 CH 2 -C^ Vnh 2 

N N N N 

r 

NH 2 NH 2 



-HN-C C-NH-CH, -HN-C C-NH 

i I II I 

N JN N N 

r 

P NH 
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x-i>$>z>o z<7)®mte, z<r>nmm<o*?&-F k y x.; -Kb tast 

0*6"*fc*ttiD) J 4 3 7 - 4 5 51 (*!fcfcB)K) KffifcS *LTV>* <, 



OH OH 




2, 3, 5-F^f;V7x7-;v, 3, 4, 5-f^fiV7x;- 

;K p-t-yf*?!;-^, p - n-*^fJl'7iy-^. p-^f7'JiV 
■7j.y-JW, p-7x-^7x;-JK p- ( 2 - 7 jl — ;UJLf-;i/) 7x7-Jl/ 
. o-'f v^ntf;i/7x7-;l/, 0 - ^7 7 , nt°ji/7xy-;v, m-^v/nti 

;l'7x7-;l', p-> h + -77x7-JK p-7x7^y7x7-;K fO*f 

p-kKn# JPp-t Kn*->^> 7x- h , p-7777x 



C28) 



1 1 -5 0 1 348 



v Ji/ p - t K n ^ z/ ^ ^ -if ^ X iu * * - h , 4-HKn^V7i-Ji'7i-;i'* 
■X^-f^SI. - k Kn#v-7x-jP7x~jl'*77^ - 4 -UK 

o 

. 3 n -/^t-;!/, ^>X7^fk F, p - h- 'J )1>T JUT F, 2 

FJ&frt Lttffl-Cl4->'J H^tei: LTS i 0 2 . R S i 

0j/ 2 , RaSiO, R-j S i 0i/2frb%&=^7tMyim&*^-t&^i) =r->«f 

BB tt > fltr K f * * #V n -> 9 > *J d*^» «t »J # & £ 



(29) 
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R 

I 

-S 10- 

I 

R 

0 CH, 

1 I 3 
-C 3 H B -0-C-C = CH 2 

CH 2 =CH- 

inee-^^v"; n->*>f /K^ftttJKtt, $fi L< f± 6 0 0 j5>£> 1 , 0 
00, OOOcp (25t) > J:l9$?i:L<i4 90, 0 0 OH 1 5 0, 000 
cp (2 5t) -e&& 0 

;w h 'J f ^ y y 7 > ^ - Ji^S^t y 5 > ; p- (3 , 4 -x.*°^ 
n^N^r >/ ;u) h 'J ^ h 3" 9 > , y - K^y'/nt'^f h * 

N-/3 jv) y -7?y7 , nt';H l J^ h^yy7>, N — /? (75 

yjuf-ZU) y -7^7'nk , ;v>f;Vv^ h^y->7>, 7 -75 7 7"Dk';H- 
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)\"-7K±m2ti2> 0 m^mt, ^^y^yy^yvm^L-c^^^^nsML, ^ 

, *''J h'j7Ji/^-nxf l/y, *° <; -r h ^ 7 n xf- u > , 7^77 ^ o x 
f V>/A^rf7JUtn7'nk*l/ a - t tfr* i^o $ Kf£ 

y vm&mmtt, mmy ?%i?m&mi*k&m&&v>3£*i*k*m&t>*xQim 

FJ&frt L Tf£#l i~ £ £: 75 s "C § & *° D T ^ U ox h §J£ L< ti 

l^f>5 0^m^||t0. l^?)10mm^i*HEUtn, 

ij nx h 'J ;WiKli |±, y7fWJVA75 W U 
4 0 0 t«0^tt J: »} > **v»tt«W*<aiFafcfc 
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)V a - )V , &jR 5 >t £ & i> » ^ £> il tfti fc— ® i »i — flMSl-t *>*E»tefil± 

G$fr<7>^ffl»{i> =TA«^^-l/>^fl|o 1 0 OE*gBfc*frLT, ttt L 
<»i0. 1*£> 2 OfiaflS. ct ^$ L< »*0. 5^^1011^, f«()$fJL 

-M*tf«> L^<7)fi^^ W-e*&o ^<7>ftfc> «9 ± 

fey* y ^m^xT^^m*. t? y ?-;k t* y ^Kr^juSrir^Ci- 

8 

,jfH<l±2Hl0cp (t>f*7X) (10li%MEKM, 20t 

4^**^wiico^tt^^i o c p^jt, 3K»ttift±»**<ftT*r*o 
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v;nf * ^-tr^^^- l/jc- K VJHf * > h } ) * V*-~ K * *=y x.^-uy 
VfctfV^J 7^ V- K i^ryxf l/'/V^t: ? y^y /<?Ji^ -r- K 
# 'j * # ->x^ l/^v^t^y^y^frv-h, *''Jt^ v y v ;v tf * 

■fe^-f Kfcfc-o^y -fey >^-*#coSi^^^xJu ; *u ^u-feU >^^ri/- 
><7)lHlSm^Xx^ ; *"'J^^•>xfl/>^y7^^- *°'J *#->x. 

- h & f <o * % ^ > ij * - ;Hgflfr&« r jvfc * d # £ 0 

<75^yr^ 3 3 1 ^ 7iiJif coy x ^ y - jv7 ^ h\ *W^i-w; 
-JHcifON, N' -2-1^^/7^ ^W:H s t|4o u^J; 9 4 
J*jftlM6«r^ K UTfi> (12-tFo^y7i^JV 

) Xf7'J yWLT^ h% xf l/>^Xf 7'J ^f7^ K, x.^>tf^ (1 2 
-kKDJf->7iXjV) T x ) >17 5 K, ^^f ^>k*^ (12-kK 
n^fy7x^) ^f7'J >^T^ K*arof&flIlifl&Sgkr^T5 K ; m — ^r-yV 
y\Z 7. (12-tFn^7i^) Xf7'J >S7 5 F^WfIt'7 7 5 

r-yy^r ^ ym*mf& £ t^'-eu, j: $ ^MliflS^r^^-^^A^ 
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'J^'^v'if 7'J jvx-r;K * 'J i ^ ->xf W > ^ 1/^ JPx - f 

(?)*'Jt^yxf i/>'7)i'^^x-fil' ; #'J*#vxfl/>-*^fji/7ii* ' 
x.-x;V J ^*°'; ^-^v'-x.^l/yy x^7xxjvx-f;v^^^ij ^^x^V 
VT )\>? x.~)i>x. — 'r )i> ; jct?^ nnt K»J — rJK *"'J ^^yx 
•f- Vy\Z7s 7i7 -jVAx-f ;V, ^'Jt^v'Xfl/^xf-l/V^ija-;!/, # 
•J Hr * ~y jc f - V > *° >; 5f * -> 7° n tf V > $r y a - ji/ a. - r ^ * t'O .f'JTJl'^V 

, * 0i ;^v^>^> l, 2-tfV7"9V3-y^ *'';Mt*x^ifittx7 
0. 5frh 2 oM*£&> J: L< tt 1 ^£ 1 olf^, Mi>U$ L < ■»* 2 * 
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> £ S , J- > is £ 0* / £ J4£&#lft K 7jti£ Ztitz v > Sr B "C £ 

^1"£^> £?£ L<f4SB> S (BS) n {nii 1 frh 3 <D&$L& 

WiS (BSB) n (nfi 1 ££{4 2 ©It^Ibt) tp^HS^n-; 

&&W4 (SB) nX (nf2 3^e> 6©lt«:|fcL, XttE3^fc 

129 

M<7)^t^#WiL^<7)li, SB. SBS. SBSB»D7^IM 

fcl®Xtt2ttiJl±0»5fci43fcA#J (IJft#) tHi:*fflt4:W ! t§4, 
I fifcfr^fflStt, 1 0 Ofi*SBfc#LT*f* L< Ji 0 . 0 5 

frh 2 0MSg&. «t ijJffS L< 14 0. Ifrb 1 OfiSg&. L< (4 1 

-r*££KJ:»K ^M^t^rS (^^v'7x/>, ^/'/h'J77-*) 

2-fcFn+y-4-^n + y^ s /7'7iy>, 5, 5' - * 1^ > fc? ;* (2 
-t KnJf-/-4-^ h + i/^y77xy /) # <k* co 2 - Ka + -y^yy*7x 
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J ; 2 - ( 2 ' -tFD*J/-5' ->f;i/7x-Jl/) ^ > y h 'J 7 V- )V 

> 2- (2' -h -t-*^f*'7i-A') ^'/'/h'JrZ-A/ 

> 2 - (2' -KKn + i'-a' , 5' -v- t -7f-Jl/7x-;i/) 
7V-;K 2- (2' , 5' -y - t - /f ^7x-JV) - 
5-^no^>/h'J7 > /-A', 2- (2' - t - 5 ' 
fjP7x-;p) -5-^nn^^/hiJ7 , /-A', 2- (2' -KKn^->-3 
' , 5' -v^?;i/7x-jv) ^>Vh'J77-^ 2, 2' ( 

4 - t - ^ 7 f Jl' - 6 - ^ > 7* MJ 7 V*^ ) 7x7-Jl/*ff(7)2- (2' -t 

2, 4 - v- t - 3 ' , 5' -y-t-7*fJV-4' -fcKn 

^v^^y'ji-K ^^t^jp-3, 5-y-t-7*f^-4-kKn4y^ 
V'/x- b 7*x- ; 2 -x-f-jw- 2' - x. ]- # if ■=- 'J K, 

2-xh + j/-4' - Ft'v^W-'; K££*coa&**-*f-U K«S; jc^^/ 
-a-vT^-/?, |3-'77x-Jl/7;'Jk-f, ^fJV-2-v7y-3-^ 
3 - (p-p< h^f->7xxjl/) U 1/- b^t*Oy7 7 U V- 

Vft&EMV&itmt LXit, 2, 2, 6, 6-rf7^f^-4-^'J 
yJV7f71/-F, 1, 2, 2, 6, 6 > 9 * -f- fr- 4 - t?^ U x T 

K 2, 2, 6, 6 -7- Y 7^f;v- 4 -tf^'J v'jI^^Vx.- K tr* ( 
2, 2, 6, 6 - r h 7 ^ f^ - 4 - t'^ 'J v ;H:/^ - h , f7 (1, 2, 3 
, 6, 6-"«>?^f*-4-i;^ , J^) K -rh^^^ (2, 2, 

6, 6 -T- h 4 - ti^'J ->';P) - 1 , 2, 3, 4 - 7 9 >-f Y *7 * 

^*~>V- K r h (1. 2, 2, 6, 6 > 9 * 4 - tf^ 'J v 

JU) -1, 2, 3, tTX (1, 2, 2, 6 
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, 6-^>^>f^-4-f^ , Jy;i') =J ( h l ) T*s - 1 , 2 , 3 , 4 - ~f 
9 >T h 7^^vl'- K Vf* (i, 2, 2, 6, 6-^>^^f-JV-4- 
ti^';->';W) - 2 2 - (3' , 5' -y-t-W-4-tKo^ 

y^'/y^nl-F, l- - 2, 2, 6, 6-th 

9* 4 - tf^ "J ->V -ju/n^^iy J.f-;vfiHg^> 1, 6 - tf* (2 
, 2, 6, 6-f h7^f;v-4-tf^9y^7^) A^t>/y7*n^x^ 
1, 6-tfT, (2, 2, 6, 6 -7- hyJi-^-A -js^ViSfrT 
= y ^^y/ 2, 4-v^nn-6-t -t^f^T^ / - S - h 'J 7v>l 
IH^^K 1, 6 -If* (2, 2, 6, 6-f F7^f^-4-t^'J 

y^7^ 7) ^**fy /2 , 4 -v^nn- 6 --t^-* 1 ; J - S - b <7 7v>i 

BHtlftitJfl] UTWb^-K7xy- ^BMbl»ih#J<?)*#«l fi, 2 , 6 - v 
- t -7*f-;v-4-^f-^7xy-;i/, l/yjbxy-K n — * * ^ "TV 
)V- 3 - (3, 5 - y - t - 7f Jl'- 4 - k Fn y 7 x y - 

2, 2' -*?-U>\£X (4-^f;V-6-7 T f JV7x7-;U) „ 2-t- 
■7*f-;v- 6 - ( 3 - t - 7f ^ - 2 - t K n y - 5 - y f JV^ > y ^) - 4- 
^f;V7xr.*7^'JP-b, 2- (1- (2-kKn^y-3, 5-~J~t- 
f7xxj|/) xf-A/) -4, 6 -v - t -^>f ;V7 xXJl/7 9 'J h 
, 4, 4' If * (3-yf^-6-t-7f^7x7-^) , 4, 

4' if* (3 -p<f-;v- 6 - t --7<f-A>y*s -jw) „ 7JKMtex7 

x7-;K xh7^* (^-f-U>-3- (3, 5 -V- t 4 -12 Kn 
^^•7^^;u) ^nt't^-h) 3, 9 -if* (2 - (3 - (3-t- 
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,7'f^-4-tFnJf->-5-^f^7x^^) -7nt>;o^-» -l, l 
-v^^jV-x-^-jv) -2, 4, 8, 1 0-rf7^^y^k*n (5, 5) ^ y T 

r-jv** 7 r-f K HJ7x^j^77r-f F> MJ * (2, 4-v-t-7*^- 
)l/7x-JV) * X 7 T -f b & t'^tt 'J 3r V KSWBjM ; 7 7-) 'J ;U - 

3, 3' -fty^nk't^- K y'5 3, 3' -^jj-S^n vf** 

-h, ^f7'JX/-3, 3' -fiy7"nfn^-f, ^v^x^ijf^f 
hfz^T; (3- 

?"7'j;vft7*nK^^-f) , y 3' -fiy7*nt>|- 

^o^>MJiLWW Kn^W h coMrfc&b t Ltli, ?^->7A 

Y<7>mt LTIi, IMMg.A I2 (OH) h-CO) • 4 HiOT^Stl 
&o Kn * ;v^-f h co^H t LTIi, Mgo.7 A 1 o. 3 (OH) 

z (COj) o.u • 0. 54H>0, Mg4. s Al2 (OH) uCOj • 3. 5 H2 0 
, M g4. 2 A 1 2 (OH) , u.4CO], Z n« A 1 2 (OH) 16 CO, • 4H 2 0, 
Ca«Ah (0 H) 16 C 0 3 • 4 H 2 0> M gi4 B i 2 (OH) 296 • 4 H:0f ^ 

IrlEHf^ h <7?fnj t tTfi, N a 2 O • A 1 2 Oa • 2 S i O2 • H2 0T^;b 
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mft^MoWi:' Uli> Mg, Ca, Z n ^ Sr. Ba, Zr, Sn^£ 
£ £ ri<-e§:*o £*i t < &c#f£ L^ofiC a> Zn 

. B a -ejfe&o 

x-f A', •>7ij>'->'^^T^fV7j'l/-f, 4, 4' -xHk^7j:y 

-^A^'JyyJVx-fiV; 3, 4-i*^yy^DA^yWf-;V-3, 4- 
X.*°3f ->->^ 

nA^fy*jv^ v K 2- (3, 4-i#*^->^n^*^vin [ 
5, 5] -3, 4-x^y) Is >? - m~ i?* *c^y , (3, 4 

-a./K4r->>'^ n^4r v-JV^ 7y^-f, kf — n^\# -b > 3r ^ 

h\ 4 - tf — ;i/ai^^r v/v-^ cr-^^y, try, (3, 4 -^*°^f->- 6 -y f-^V 
y^nA^ y ;MfJV) 7->'^~ K 3, 4-x*"^y-6-^f fy^nA^ 
S sfc-Z t 4 -jcjK^tS'- 6 n^N^r^> # JVjK^^V- h ^ 
/t'T, (3, 4-x*^yy^nA^t>) , yy^D^v^y'xyx*^-/ F 
% xf 3^;v<??y (3, 4 -^jK4t->->^ n/s^v^ f-^) -f-iU 

% if* (3, j-x^yy^OAJft^AM'tyV-H > *J * 9 

So &»JO*»J£ LTIt fr*f-*W&ftSf-9 V (T i 0 2 ) , SHkMSfi- (Z 
nO) > IftynA (Cr:0>) , «Mb-b U 9A (CeOi) £4r*^»f&£ 



(39) 
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o 

(1) ^ (i) •entoztizmimu ^^a, b, c ^^tL^^iitTi^^ 

3 0<D»W>7fi'&T fr* Ri> R^ R3T^*>$*i*Sjft*«f 

tr*§#KHU mii»J^a^*Ri, R 2 , R,, iim*&M±fo<V& s F%3-?%Lt>L 

(2) h'J* (y-JV7xXJV) t^7i-h, (St (I) KiS^TRi. R 2 , 

B»£Ri. R*> R < t l o^'t 'j - ^I-C'$> ^ WJ (i , W&'M 
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^^-r^xr^^^mx^^mmMx^-Dx^x <, ^^^it-^^xmu^mm. 

$ L^<Dfc7 j--)i<&, s<y~j)ug; s ^^vSt^lio 



& 1 -otfM y tf J; tf/ £ }i r U - «ti ti&fiBSiJ is h 'J 
^ (y^)V7x^) * * y ^ - Mi , 4 0 0tw»MfA s 5 0tI%JilT 

-C^So (y^JV7x^jP) 7x^V7^7x- b & i*<7);£|PJ! C7)i^ & 

& tmm±*mmK?kw-f & t &xz&z t **$km%u%& -o** 

(± i ti ^ "C^Q fix ^ftfrofz L , ifc, il-i-coftiiSs^^^^rlJi-^^ h~thx 
<?)^ T } ) -/w2£>3: MiJI^S, *>*vMiHJ* (y^^7x^ii/) y*yy 

fi#(i, 400 t:c7)}f^«^^^< , mtm^mm^xif* «j a^-^a 

tl&6 
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^x-fj^ i i o*ft§&, ftpa l< tt3a>f> 8E«s&£, ftries»J ( i 

) t (2) *^4*»d^««S*Lfc»«fe*JSr^f-V>^#|il 0 OMgBKtt 

« *i *s fM Ttt ^ 1- & st * * h , <*> * * > * w ib m temmmmm 
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